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ABSTRACT 

We study galaxies that host both nuclear star clusters and active galactic nuclei (AGN) implying the 
presence of a massive black hole. We select a sample of 176 galaxies with previously detected nuclear 
star clusters that range from ellipticals to late-type spirals. We search for AGN in this sample using 
optical spectroscopy and archival radio and X-ray data. We find galaxies of all Hubble types and with 
a wide range of masses (10^ — 10^^ M©) hosting both AGN and nuclear star clusters. From the optical 
spectra, we classify 10% of the galaxies as AGN and an additional 15% as composite, indicating a mix 
of AGN and star-formation spectra. The fraction of nucleated galaxies with AGN increases strongly 
as a function of galaxy and nuclear star cluster mass. For galaxies with both a NC and a black hole, 
we find that the masses of these two objects are quite similar. However, non-detections of black holes 
in Local Group nuclear star clusters show that not all clusters host black holes of similar masses. We 
discuss the implications of our results for the formation of nuclear star clusters and massive black 
holes. 

Subject headings: galaxies muclei - galaxies: active - galaxies:star clusters - galaxies:formation 



1. INTRODUCTION 



Nuclear star clusters (NCs) are massive star clusters 
coincident with the photocenters of galaxies. They are 
very common an d have been foun d in ~75% of local 
Boker et al.ll2002l ) and Virgo dwarf el- 
Cote et al.l l2006f ). Their size is simi- 



late-type spirals 

liptical galaxies _ 

lar to that of globular clusters ()B5ker et al.ll2004l ). but 
NCs are 1-2 orders of mag nitude brighter and more 
massive (jWalcher et al.l [20051 ). Also, unlike most glob- 
ular clusters, they have extended star for mation histo- 
ries (IWalcher et al.l[200l : iRossa et al.l[2006[ ) and complex 



morphologies (jSeth et al 
The luminosity of 



2001 
nuclear star 



clusters correlates 

with galaxy luminosity in both ellipticals llLotz et al.l 
I2001t iGraham fc G uzman 2003' : ICote et al. 2006) and 
spirals (jCarollo et al. .1998, : Boker et ah ,2004). Re- 
cently, it has been shown that the masses of 
NCs follow scaling relationships with galaxy mass 
(Mnai), bulge velocit y dispersion (a), and Sersic 
index (iFer rarese e t al] l2006l: IW chner fc Harrii l2006l : 
iRossa et al.. 2006: , Graham fc Driver 2007t). These scal- 
ing relations are very similar to those seen for massive 
black holes (MBHs"'^), appearing to extend those relations 
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to lower masses. Thus, IWehner fc HarrisI ()2006D and 
IFerrarese et al.l ()2006l ) suggest that there may be a single 
scaling relation linking the mass of a central massive ob- 
ject (CMO; either a NC or MBH) to the large-scale prop- 
erties of the galaxy. The existence of an Mcmo — c or 
Mc MO — Mgai relation suggests that the formation of the 
CMO is linked in some way to the evolution of the galaxy. 
Theoretically, these scaling relationships can be under- 
stood in multiple ways. They could be created by feed- 
back from either NCs or MBHs regul ating the star for- 
mation in the galaxy as a whole (e.g.. iMcLaughlin et al.l 
l2006bf l. or alternatively, they could simply result from 
gas accretion o nto the iiucleus in proportion to the galax- 
ies' mass (e.g-. lLi et"alll2007[ ). 

Despite this interesting connection between NCs and 
MBHs, and their link to galaxy formation and evolu- 
tion, no systematic study of the overlap between these 
classes of objects exists. A handful of objects, includ- 
ing the Milky Way, are al ready known to host both 
NCs and MBHs (see gj. IFerrarese efall ()2006f ) and 
IWehner fc Harrii (|2006) show there is a rough transition 
at galaxy masses of ~10^° Mq (and corresponding CMO 
mass of ^10^ M0), above which galaxies typically host 
MBHs, and below which galaxies have NCs. While there 
is good ev idence that more massive galaxies do not in fact 
host NCs (|C6te et al.ll2006h . it remains unclear how com- 
mon MBHs are in lower mass galaxies (e.g.. lGreene fc Hoi 

mass and as super-massive black holes. 
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l2007f ). Recent theoretical work shows that MBHs could 
form from stellar mergers in a younR, dense cluster envi- 
ronment (jMiller fc ColbertI |2004 iPortegies Zwart et all 
|2004 ). and a direct link between NC and MBH forma- 
tion may therefore exist. 

We present a systematic study of the overlap between 
NCs and MBHs aimed at better understanding the re- 
lation between the two types of objects and the forma- 
tion mechanism of CMOs in general. Starting with a 
sample of galaxies with known NCs, we search for ac- 
tive galactic nuclei (AGN) that are powered by accretion 
onto an MBH. This study gives a lower limit on the num- 
ber of systems with MBHs, since quiescent and heavily 
obscured MBHs will not be detected as AGN. 

We begin by describing our sample of galaxies with 
NCs, drawn from several different catalogs (iJD). Using 
optical spectra and radio and X-ray data, we examine our 
sample galaxies for evidence of AGN activity (^. We 
then review galaxies for which detections of both AGN 
or MBHs and NCs exist in the hterature (g]). We dis- 
cuss the demographics of galaxies with AGN and NCs, 
the relative masses of these CMOs in galaxies where they 
co-exist, and the implications of this study for CMC for- 
mation, in SJS] We conclude and discuss future work in 

m 

2. SAMPLE SELECTION & PROPERTIES 

We have used catalogs from multiple studies to create 
a sample of nearby galaxies with known NCs. This sam- 
ple, which contains galaxies of all Hubble types, is the 
starting point for finding galaxies that contain both NCs 
and MBHs. 

The Hubble Space Telescope (HST) has enabled NCs 
to be identified in a large numbers of nearby galaxies 
with distances < 30 Mpc. The use of HST is important 
both for distinguishing the NCs amidst the crowded in- 
ner regions of galaxies and for resolving the clusters. In 
the studies used in our sample, the NCs have been se- 
lected from broadband optical or NIR images, and are 
seen as compact sources distinct from the underlying 
galaxy profile. In the vast majority of the selected galax- 
ies, the NCs have been resolved, suggesting that they are 
stellar sources an d not AGN emission (see discussion in 
iRossa et al.ll2006D . Spectral studies of a number of the 
NCs in our sample confi rm that their optica l spectrum is 
domi nated by starlight (jWalcher et al .11200^ iRossa et al.l 
[20M) . 

We use the following catalogs of galaxies with nuclear 
star clusters: 

1. Elliptical and lenticular galaxies from th e ACS 
Virgo Cluster Survey of ICote et all (|2006f ). This 
survey includes both giant and dwarf elliptical 
galaxies in Virgo. Of the 100 elliptical galaxies in 
the survey, 51 contain NCs with meas ured prop- 
erties (type "la" nuclei in Table 1 of ICote et all 
|2006[ ). These galaxies are all fainter than Mb ^ 
— 19 ; some brighter g alaxies have apparent NCs 
but ICote et al.l (120061 ) are unable to derive their 
properties. The brightest galaxies in their sample 
{Mb < -20.5) do not have any NCs. Of the 51 
NCs, five are unresolved (see Table [5]). 



MOS snapshot programs are Sa-Sbc galaxies with 
Vfiei < 2500 km/sec, angular diameter > 1', and an 
inclination < 75°. Combining their WFPC2 and 
NICMOS studies, there are a total of 58 out of 94 
galaxies with NCs; these are resolved in all but two 



3. Late-type spiral galaxies from iBoker et al.) (|2002f l. 
This sample includes bulgeless spiral galaxies of 
type Scd-Sm, with Vhei < 2000 km/sec and incli- 
nations of < 30°. Of 73 galaxies, 59 were found to 
have NCs. 

4. Edge-on l ate-ty pe (Sbc-Scd) galaxies from 
ISeth et all (|2006[ ). Of the 14 galaxies in this 
sample, 9 have NCs, 6 of which are well resolved. 

Our sample includes 176 galaxies with nuclear star 
clusters spanning all galaxy types. Although the galaxy 
samples used are not complete, none of the selection cri- 
teria for these samples depends on the nuclear properties 
of the galaxies. 

Galaxy distances were determined from a variety of 
sources, includin g using Virgo-infall corrected velocities 
from Hvperleda (jPaturel et alll2003[ ) and NEDID^ for 
other distance indicators. For the Virgo c luster galaxies , 
a distance of 16 .5 Mpc was assumed (T onry et al.ll200ll ; 
iMei et al.|[2007l ). The galaxies range in distance between 
2 and 40 Mpc, with most having distances between 10 
and 30 Mpc. Galaxy magnitudes and Hubble types (in- 
cluding numerical types, "T") were also determined from 
Hyperleda. Figure [T] shows the type and absolute mag- 
nitude of all 176 galaxies in our sample. The B-band ab- 
solute magnitudes of these galaxies range between —15 
and —21. Galaxy masses were obta ined using galax y 
colors to estimate the M/L ratios from lBell et al.l ( 20031) . 
We obtained optical colo r estimates for 147 of the 176 
galaxies from Hyperleda (jPaturel et al.ll2003l ). including 
their B-V colors, as w ell as colors from the Sloan Digi- 
tal Sky Survey (SP SS; |^rkeialj|200d) and 6dF survey 
(I Jon es et al.ll200^ . To obtain masses we used both the 
Hyperleda total B magnitudes corrected for internal and 
foreground extinction (also obtained from Hyperleda), 
and where available, K band magnitudes from 2MASS 
and DENIS. In cases where multiple sets of photometric 
data were available, the median value for the galaxy mass 
was used. The masses determined for a single galaxy us- 
ing different methods typically differ by ^^35% (0.15 dex). 
The sample galaxy properties and distances are given in 
Tabled 



2.1. Nuclear star dust 



er masses 



2. Early- type spiral galaxies from lCarollo et al] (|1997l 
[199I |2003 ). Targets for their WFPC2 and NIC- 



The NCs in our sample have magnitudes measured in 
many different bands. To compare the NC properties for 
the entire sample we therefore estimated the mass for 
each NC. There is strong evidence that NCs, at least in 
spiral galaxies, have complicated star- formation historie s 
(IWalcher et al.ll2006t IRossa et al.ll2006l : iSeth et alMM) . 
Therefore, derivation of NC masses from integrated mag- 
nitudes is not straightforward. We have estimated the 
masses for the NCs in our sample using a variety of meth- 
ods, as detailed below. The derived masses are shown in 
Table [5] and are used in determining the relative masses 

http://ncdwww.ipac.caltech.edu/level5/NEDlD/ 
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Fig. 1. — Top - The galaxy type and absolute magnitude of all 
176 of our sample galaxies with known nuclear star clusters. The x- 
axis gives the numerica l galaxy type "T" an d corresponding Hubble 
type from Hyper leda fPat urel et al.|[2003l) . Symbols indicate the 
source catalog for each galaxy as discussed in the text. Bottom - 
The galaxy mass for all 147 galaxies for which colors were available 
from Hyperleda. 

of NCs and MBHs and for examining the demographics 
of galaxies hosting both types of objects (see iJ5]). 

1. The best available mass estimates are dynamical 
measurements of 9 NCs in the Boker sample by 
IWalcher et all (|2005l) and masses from population 
synthesis fit s for a n additional 15 spiral galaxies in 
iRossa et alj ()20Q6[ ). 



For the lCote et al.1 (120061) cluste r s, we followed the 
prescription of IPerrarese et al.l ()2006[ ). who esti- 
mate the NC mass by assuming an age of 5 Gyr 
and use the cluster's published g ~ z color to de- 
termine the metallicity and t hus the appropriate 
mass- to-light (M/L) ratio from lBruzual fc Chariot! 
(I2OO3I ). 

For the early type spiral galaxies in the Car- 
ollo sample, we use the mean B-band M/L ratio 
of 3.64 ± 1.03 d erived for early type spiral NCs 
by IRossa et al.l (|2006D . For most of the galax- 
ies, both V (WFPC2-F606W) and H (NICMOS- 
F160) magnitudes are available for each cluster, 
while a minority of galaxies have just one or the 
other magnitude available. We derive B-band mag- 
nitudes by assuming the colors of an SSP with 
Z = .030 (matching th e derived mean metallic- 
ity in IRossa et al.l I2006D and age of 5.9 Gyr to 
match the B-band M/L ratio (|Bruzual fc CharlotI 
|2003). These magnitudes were corrected for the 
foreground and estimated internal extinction a s de- 
termined from Hyperleda (jPaturel et al.|[2003l ) , the 
mean extinction correction was Ay = 0.27. 



4. For the late-type spiral galaxies, IWalcher et al.l 
(,200 5) has shown that the typical I-band M/L ratio 
is 0.50 ± 0.37. We used this to derive masses from 
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Fig. 2. — Top - Nuclear star clusters mass vs. galaxy mass for all 
the clusters with derived galaxy masses in our sample. Bottom - 
ratio of nuclear star cluster mass to galaxy mass. Overplotted are 
the median ratios for the elliptical galaxies (solid line), the early 
type spirals (dot-dashed line) and the late-type spirals (dashed- 
line). In both panels the stars indicate dynamical masses measured 
for late-type spirals by Walchcr et al. (2005) (black stars), and the 
spectral synthesis masses from .Rossa et al.. t2006i) (gray stars) . 



the Lband magnitudes in iBoker et al.l (|2002f ) and 
ISeth et cd] ([200 6). after correcting for foreground 
and internal extinction. We note the possibility 
that because of the selection of objects with bright 
apparent magnitudes, the IWalcher et al.l (j2005D 
spectros copic sample m ay not be representative of 
the Bok er et al.l (|2002l) sample as a whole. This 
may result in an underestimate of the M/L ratio, 
as the study would favor younger, brighter NCs. 

For the NCs w ith available dynamical masses 
( Walcher et al.ll2005f) or stellar population model masses 
( Rossa et al.ll2006[ rthe agreement between these masses 
and those obtained using the methods outlined above is 
good, with a mean difference of —0.02 ± 0.34 dex. This 
standard deviation of 0.34 dex (factor of ~ 2) gives some 
indication of the error in our NC mass determinations. 

Figure |2| shows the derived NC masses as a function 
of galaxy mass. Although correlations between NC and 
galaxy luminosities or masses have been shown fo r sam- 
ples o f galaxies of a single type (I CaroUo et al.' '19981; 
Boker et al. 2004; Cote et al. '2006; Rossa ct al. 200^ 



Ferrarese et al.ll2006t iWehner fc Harrisll200Ql , this is the 
first time they have been compared across all Hubble 
types. Figure |2| shows the expected correlation between 
NC mass and galaxy mass. However, we find an offset 
between earlier- and later-type galaxies, with the later- 
type galaxies having less massive NCs at a given galaxy 
mass. This can be seen in the bottom panel of Figure |2l 
where we plot the ratio of NC to galaxy mass. Lines indi- 
cating the median NC to galaxy mass ratio for elliptical, 
early type spiral, and late-type spiral galaxies show that 
late-type spirals have NC masses about an order of mag- 
nitude below elliptical galaxies of the same mass. We will 
discuss these results in greater detail in a future paper. 
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3. PRESENCE OF AGN 

In this section we analyze the evidence for active galac- 
tic nuclei (AGN) in our sample galaxies using optical 
spectroscopy (3311) and radio and X-ray data (|}3l2). We 
then examine the strength of the evidence for these de- 
tections being massive black holes in fj3l3. 

3.1. Emission-line spectroscopy 

Of the 176 galaxies in our sample, 70 had possi- 
ble nuclear spe ctra available in the SPSS Da ta Re- 
lease 6 (DR6) (jAdelman-McCarthv et all [200l . Af- 
ter visually inspecting the location of each spectrum, 
we found that 62 spectra were coincident with the 
galaxy nuclei. Emission line fluxes determined after 
modelling of the underlying stellar populations were 
kindly provided by C. Tremonti (private communication) 
using the method described in Tremonti ct al. (2004), 
and available for SDSS Data Release 4 (DR4) data 
at http : //www.mpa-garching.mpg. de/SDSS/DR4/, The 
DR6 spectra used differ somewhat from earlier spec- 
tra. Most notably, the spectrophotometric zeropoint has 
changed, increasing fluxes by ~ 35% but leaving line 
ratios unchanged. In general, the line ratios from the 
DR6 spectra agree very well with those in DR4. The 
formal errors on the line fluxes were scaled by factors of 
1.4 — 2.5 (depending on the line) to include errors in the 
continuum subtraction and flux calibration derived from 
sources with multiple spectra as described on the Garch- 
ing DR4 website'^. These errors were then propagated to 
the line ratios. We select emission line galaxies in the 
SDSS spectrum by requiring that three of four strong 
hues (H/3, [OIII] A5007, Ha, and [Nil] A6584) have de- 
tections above So-. Of the 62 spectra in the sample, 25 
meet this criterion. 

We also find 23 gala xies that were observed as part 
of the Palomar Survey ()Fihppenko fc Sargentlll985l), 20 
of which have detected emission lines ( Ho et al.lll997al . 
hereafter HFS97''). As with the SDSS data used above, 
the emission line measurements are made after subtrac- 
tion of the underlying stellar population based on spec- 
tral modelling. Errors in the line ratios were estimated 
using the data quality flags and assuming a conservative 
baseline uncertainty of 30%, with 50% and 100% uncer- 
tainties for sources with uncertainty flags of 'b' and 'c' 
respectively. Ten of these galaxies overlap with the SDSS 
spectra, giving a total of 75 galaxies for which we have 
nuclear spectra. 

Of the 75 galaxies for which we have nuclear spectra, 39 
have weak or undetected emission lines; we classify these 
galaxies as having absorption-dominated spectra. For 
the remaining 36 emiss ion-line spectra, we followed the 
classification scheme of iKewlev et al.l ()2006l ) to separate 
the sample into star-forming galaxies, composite objects, 
or Seyfert and LINER AGN. This classification scheme 
rehes on four hue ratios, [OIII]/H/?, [01] /Ha, [Nil] /Ha, 
and [SII]/Ha. 

Three emission li ne ratio diagrams (BPT diagrams; 
[Baldwin et allllMh are shown in Figure [3l This figure 
shows line ratios from the full DR4 sample of galaxies in 
grayscale contours and small black points along with our 

^ http:/ /www. mpa-garching.mpg.de/SDSS/DR4/raw _data.html 
* We use the emission hne measurements from HFS97, but not 
their spectral classifications. 



sample galaxies as red (SDSS) and blue (HFS97) dots. 
The green lines indica te the demarcation l ines used in the 
classification scheme (jKewlev et al.l [20061 ) . The primary 
classification of galaxies into star-forming, composite ob- 
jects, or AGN is done using the [Nil] /Ha vs. [OIII] /H/3 
diagram (left panel of Figure [3|)'^. Spectra are classified 
as being AGN if they fall in the upper right part of the 
diagram abov e the t heoretical maximum starburst line of 
IKewlev et all (f200l in the [Nil] /Ha vs. [OIII] /H/3 dia- 
gram. Composite objects have emission lines thought to 
be caused by a mix of AGN an d star-forming lines, and 
have line ratios falling bel ow thelKewlev et al. (2001) line 
and above the en ipirical iKauffmann et all (2003,) line. 
Galaxies below the lKauffmann et al.l (|200'3F line have line 
ratios dominated by star formation. Further separation 
of AGN into LINER and Seyfert galaxies is done using 
the [SII]/Ha vs. [OIII] /H/3 and [01] /Ha vs. [OIII] /H/3 
diagrams (right two panels of Figure [3|) , with Seyferts 
lying at higher values of [OIII] /H/3. 

Using the [Nil] /Ha vs. [OIII] /H/3 diagram, we classify 
18 galaxies as having star-forming ("HH") spectra, 11 as 
having composite spectra ("C"), and 7 as having AGN- 
like spectra ("AGN"). The other line ratio diagrams sug- 
gest that 3 of the AGN are Seyferts ("S2") and 4 are 
LINERS ("L2"), while an additional 3 composite galax- 
ies are also found to have LINER-likc line ratios. For 
the ten overlapping galaxies (connected by orange lines 
in Figure 121), the classifications between the HFS97 and 
SDSS data agree in all cases, except for NGC 5879. This 
galaxy is classified as an AGN from both spectra, but is 
found to be a LINER only from the SDSS spectrum. 

Our classifications also agree well with the somewhat 
different classification system used by HFS97 for the 
Palomar galaxies^. Eleven of the eighteen sources we 
classified as composite or AGN are in the HFS97 sam- 
ple. Of these, 8 are classified as transition or AGN 
by HFS97. Specifically, the five galaxies that we clas- 
sify as LINER and Seyfert AGN match their classifica- 
tions exactly, while for the six galaxies we classified as 
composite, half of them were classified as star-forming, 
with the other half being LINERS or transition objects 
in th eir classification sche me. Both the composite class 
from IKewlev et aD (j2006l ) and the transition class from 
HFS97 are thought to result from a mix of star-forming 
and AGN spectra, thus a correspondence between these 
classes is expected. In the HFS97 classification the tran- 
sition objects are objects with a mix of LINER and star- 
forming spectra, while in our classification they can be a 
mix of LINER or Seyfert and star-forming spectra. 

One of the galaxies in the HFS97 sample, NGC 4750, 
was found to have broad Ha emission, and is thus classi- 
fied by them as a L I. 9. We ha ve adopted this classifica- 
tion. Also, Shiel ds et al.l (|2008l ) has recently found broad 
[Nil] (but not Ha) emission lines in the composite galaxy 
NGC 1042. Visual inspection of the model-subtracted 
SDSS spectra suggest that none has any obvious broad 

^ Due to the proximity of the emission lines used in these ratios, 
the [NII]/Ha vs. [OIII]/H/3 diagram is remarkably insensitive to 
reddening: 5 magnitudes of reddening creates a change of 0.006 
and 0.08 dex in the [NII]/Ha and [OIII]/H/3 ratios respectively. 

^ The HFS97 classification system gives a primary role to the 
[OI]/Ha line ratio, which is quite weak in many of our spectra 
and significantly more susceptible to reddening than the [NII]/H« 
ratio. 



AGN in Nuclear Star Clusters 



5 



O 






-1.5 -1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 
log([NII]/Ha) log([SII]/Ha) 



-2.0 -1.5 -1.0 -0.5 
log([OI]/Ha) 



Fi g. 3. — Emission line diagrams for galaxies in our sample. Red points show line ratios derived from SDSS DR6 data, blue are 
from lHo et all Ill997al) : orange lines connect galaxies with both types of spectra. Grayscale and sm all black points indi cate the Garching 
reduction of the full SDSS DR4 sample. Green lines indicate the classification system adopted from lKewlev et al.l (120061 ). 

emission lines. 

The line ratios used in our classification are given in 
Table [T] for the star-forming galaxies and in Table [5] for 
the composite and AGN galaxies (C/AGN). For the star- 
forming nuclei, Table[l]also gives the star-formation rates 
ba sed on Ha l umino sities derived from the relation given 
in iKennicutl (|1998D . Tabled gives the [OIII] luminosi- 
ties for the C/AGN nuclei which are used in [21 2- These 
line luminosities have been corrected for reddening as- 
suming Ha/H/3=2.85 for the star-formin g galaxies and 
Ha/H/3=3.1 for th e C/AGN galaxies (|Osterbrocldll98l 
iKewlev et an[2nnfih . 

To get a sense of the uncertainty in our classification, 
we repeated the classification after both adding and sub- 
tracting the la errors to the [Nil] /Ha and [0III]/H/3 
ratios. This changes the classification for a handful of 
galaxies: the number of composite galaxies varies be- 
tween 8 and 12, while the number of AGN varies be- 
tween 6 and 8. Seven galaxies have error bars cross- 
ing the HII/C boundary: C-classified NGC 428, 3423, 
4206, 4517, and 4625 and Hll-classified NGC 2964 and 
VCC 1250. Two galaxies have error bars crossing the 
AGN/C boundary: C-classified galaxy VCC 1619 and 
AGN-classified NGC 4411B. 

Although the galaxies in our sample are quite nearby, 
the physical resolution of the spectra (3" fibers for SDSS, 
2" slit for HFS97) is still significantly larger than the typ- 
ical cluster sizes. For a galaxy at the median distance of 
our sample (16.5 Mpc), the corresponding spatial reso- 
lution is ~ 200 pc. This could lead to det ection of star- 
form ation not coincident with the nucleus ("Shiel ds et al.l 
|2007|) . and might be expected to dilute weak AGN emis- 
sion, therefore causing genuine AGN to be classified as 
composite objects. 

In summary, from the 75 galaxies with available optical 
spectra, we find 18 that have composite or AGN spectra. 
We discuss the fraction of these galaxies that have MBHs 
in [J3l3. We now discuss the radio and X-ray properties 
of our sample galaxies. 

3.2. Radio and X-ray correlations 

In order to explore the multiwavelength properties of 
the galaxies in our sample, we matched the NC positions 



to a number of radio and X-ray catalogs. While the cat- 
aloged observations at these wavelengths are unable to 
resolve structures on the sub-arcsecond scale of the NCs, 
detections in the radio and/or the X-ray regimes can be 
used to place limits on the emission from putative AGN 
independently of the information derived from optical 
spectra. 

3.2.1. Radio data 

Galaxies that are radio sources are thought to host 
either active star formation or AGN. Radio observa- 
tion of AGN show they have compact nuclear radio 
sources with high brightness temp eratures that cannot 
be re produced by starbursts (e.g., iTerashima &: WilsonI 
[2003h . Such radio sources are detected in about a third 
of galaxies classified as composite or A GN objects in 
the Palomar survey (|Nagar et al.l l200"5l ). Sources with 
LiA GHz > 10^^ W Hz~^ are generally called radio -loud 
AGN, and are unambiguous evidence of an AGN (jBestI 
|2004|) . However, these sources are typically associated 
with very massive galaxies, and thus it is unlikely we will 
find radio- loud AGN in our sample (|Croft et a l."2007l. 

We used the Very Large Array (VLA) Faint Im- 
ages of the Radio Sky at Twenty-Centimeters (FIRST; 
iBecker et al.lll995l ) to search for radio counterparts to the 
galaxies in our sample. FIRST is the deepest large-scale 
radio survey currently available; the limiting flux den- 
sity is about 1.0 mJy, the survey resolution is ~ 5", and 
the footprint is roughly the same as that of SDSS. We 
queried FIRST for radio sources within 30" of our NCs 
and found 13 matches^. The median separation between 
the radio source and the cluster position is 3 ± 9" (see 
Table [3]). Of the 13 matched galaxies, we have optical- 
based classifications for nine (see Table [3]). One galaxy, 
NGC 5377, is classified as an AGN/L2, while three others 
are classified as composite objects in our analysis. The 

^ Matching to the National Radio Astronomy Observatory 
(NRAO) VLA Sky Survey (NVSS: [Condon et aUldm ). which cov- 
ers the sky north of <5 = —40° and includes sources stronger than 
~ 2.5 mJy, returned a larger number of matches, 52, including all 
of the FIRST-detected objects. However, the resolution for NVSS 
is roughly 45" FWHM and the survey data are therefore far less 
useful for our purposes. 
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Fig. 4. — FIRST images of the 13 galaxies for which we find a 
catalog match within 30". Each image is roughly 1.6' in height 
and 2' in width and centered on the optical position of the nuclear 
star cluster in the galaxy. 

remaining five galaxies have star-forming optical spectra. 
Unsurprisingly, the Li ^ghz for all these objects is well 
below 10^3 

Visual inspection of the corresponding radio images 
did not find morphological evidence for the presence of 
an AGN (e.g., jets) in any of these (see Figure |4]). In 
most cases, the radio emission appears diffuse, as ex- 
pected if it is due to star formation. However, NGC 5377 
and two of the three composite objects (NGC 3177 and 
NGC 3928) with radio detections appear as point sources 
in the FIRST images, consistent with the presence of a 
possible nuclear AGN source. For NGC 5377, higher res- 
olution obs ervations do confirm this source as an AGN 
(|Nagar et a l. 2005); similar radio observations are needed 
to determine the nature of the other sources. 

An additional 94 galaxies from our sample fall within 
the FIRST footp rint but do not have detections. 
iWhite et al.l ()2007[ ) have developed a method for obtain- 
ing the FIRST radio flux density for a group of sources 
when individual group members are undetected in the 
survey. Accordingly, we calculated a stacked image for 
our undet ected sources . We a pplied the correction, pre- 
scribed in IWhite et al.l (|2007f ). to account for the snap- 
shot bias and derived ou r errors from the bootstrap- 
ping method (|Efronl [l982f) . which tests how individual 
entries affect the stacked average. We found that the 
average radio flux density for the undetected galaxies in 
the FIRST footprint is 90 ± 20 ^Jy (whereas the de- 
tected galaxies have flux densities of 1.6 to 68 mJy). This 
stacked "detection" provides an average measurement of 
the radio intensity for the typical nuclear region in these 
galaxies. At best, this suggests that any putative radio 
AGN in these galaxies is extremely weak. We note that 
among these non-detections are four galaxies we have 
classified as C/AGN objects using optical spectroscopy: 
NGC 4411B, VCC 1619, NGC 5806, and NGC 5879. 

3.2.2. X-ray data 

X-rays are one of the most direct evidences of nuclear 
activity and X-ray observations are therefore essential in 



revealing the accretion processes taking place near the 
central black holes in AGN. With the spatial resolution 
of the new generation of X-ray telescopes, it is becoming 
possible to isolate low-lu minosity AGN fr om other X-ray 
sources in a galaxy fe.g. jHo et al.|[2"001f ). In particular, 
the ability to detect photons with energies of several keV 
allows for the uncovering of AGN hidden at other wave- 
lengths by column densities as high as Nh ^ 10^** cm~^ 
(|Ho et alJ l200n. 

We matched our sample to the combined ROSAT 
All-Sk y Survey (RASS) Bright and Faint Source Cat- 
alogs ()Voges et al.] 119991 I2OOO0 . We also queried the 
High Energy Astrophysics Science Archive Research Cen- 
ter website for matches from the various catalogs of 
pointed ROSAT observations, Chandra sources, and 
XMM-Newton detections*. 

The X-ray data obtained in this fashion is rather het- 
erogeneous, since the queried catalogs and instruments 
are very different in nature. For example, while none of 
the Chandra or XMM surveys covers as much sky as the 
RASS, the latter's positional accuracy is generally rel- 
atively poor (typically at least 15"). In a similar vein, 
Chandra and XMM both have greater sensitivity than 
ROSAT, but the telescopes are not designed to detect 
sources in exactly the same energy ranges. 

In order to produce the data for the matches listed in 
Table m we proceeded as follows: 

1. Since Chandra typically has better positional ac- 
curacy than XMM, and both typically have better 
accuracy than ROSAT, we used Chandra data pref- 
erentially, then XMM, then ROSAT, in our analy- 
sis. 

2. For galaxies with Chandra and/or XMM detec- 
tions, there were frequently multiple X-ray sources. 
In those cases we chose the source closest to the 
optical position of the NC^. The median offset 
for the 13 Chandra/ XMM sources is 1.3" ± 1.4", 
with the largest offset being 4.9". All the Chan- 
dra data come from XAssist (a n automated ex- 
tract ion pipeline for X-ray data; iPtak fc GrifBthd 
I2OO3D : these are the sources with an "X" prefix 
in Table [H The XMM data are from the second 
catalog of the XMM serendipitous survey (2XMM 
sources; Watson et al., in prep.). 

3. Of the 8 galaxies with RASS matches, half had de- 
tections in pointed catalogs, and we therefore used 
those data to characterize the X-ray sources. Three 
of the other galaxies, NGC 3259, NGC 4030, and 
NGC 4540, are published X-ray sour c es (identified 
as such by IVeron-Cettv et alTl2004l: iMoran et all 
119961 : iMickaehan et all 120061) . The positional off- 
sets between the RASS source and the NC are small 
(< 10") for the two first galaxies, and the associ- 
ations with the RASS sources seem secure. How- 
ever, NGC 4540 and NGC 2566 both have large 
positional uncertainties and offsets from the NCs. 

* This research has made use of data obtained from the High En- 
ergy Astrophysics Science Archive Research Center (HEASARC), 
provided by NASA's Goddard Space Flight Center. 

" The positional accuracy of our NC positions is dominated by 
the uncertainty in the HST astrometry, which is typically accurate 
to within 1-2". 
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Pointed observations are clearly required to con- 
firm that these two galaxies are X-ray sources, and 
we consider these associations to be tentative. 

4. Four more galaxies are included in various ROSAT 
pointed surveys and/or identified as X-ray sources 
in the literature. Two of these arc from cata- 
logs of High Re soluti on Imager (HRI) sources 
(iPanzera et all 120031 : IROSAT Scientific TeamI 
|2000D^". In both these galaxies, NGC 1385 and 
NGC 6000, the offset with the NC is less than 
the 5" nominal positional accuracy f or HRI ob- 
servations ( Flesch fc Hardcastlj l2004[ ). The two 
other sources were detected with the other X-ray 
instrument aboard ROSAT, the Position Sensitive 
Proportional Counter (PSP C), whose positional 
accuracy is closer to 30". iFlesch fc Hardcastld 
(12004) identify NGC 600 as a PSPC source with 
61% confidence^^; the offset between the X-ray 
source (positional u ncertainty 13") and the NC 
is 10". IWhite et al.l (l996) include NGC 3445 in 
their WGACAT12. 



5. We used WebPIMMS (iMukail fl99l to calculate 
2 — 10 keV fluxes for all of these sources, assum- 
ing a canonical intrinsic power-law spectrum with 
photon index F = 1.8 (for low-luminos ity AGN F 
range s between 1.6 and 2.0; Tcrashim a fc WilsonI 
l2003f ) absorbed to the Galactic value. We then cal- 
culate the X-ray luminosities given in column 7 of 
Table ID These values are consistent with those in 
the literature for the known X-ray-emitting galax- 
ies, once differences in the adopted distances and 
energy bands are taken into account. 

A complicating factor in interpreting the X-ray lumi- 
nosities we obtain at the end of this process is the dif- 
fering point spread function (PSF) for each of these tele- 
scopes. While, broadly speaking, Chandra, XMM, and 
the HRI on ROSAT have similar PSFs (from - 1 to 
6"), the ROSAT PSF C has a PSF with a - 30" FWHM 
(jPanzera et al.l 120031 ) . and the PSFs all vary with posi- 
tion on the detector and photon energy. Determining 
which sources are extended and which are truly point- 
like is therefore difficult, with the exception of the Chan- 
dra sources, for which XAssist provides sub-arcsecond 
measurements of source extent (listed in column 6 of Ta- 
ble|4]). The situation with the 2XMM sources is relatively 
straightforward: any source that is smaller than the 6" 
PSF and hence unresolved is set in the catalog to have a 
0" extent. 

The RASS sources (PSPC detections) all have asso- 
ciated catalo ged extent measu rements and extent like- 
lihoods (see IVoges et al.l |1999[ ): however, these values 
should be treated with caution (e.g., for bright sources 
the deviations of the PSF from a Gaussian lead to incor- 
rect extent measurements), and are considered reliable 



10 The'Panzer a et al.l l l200l) catalog is a re-analysis of the HRI 
observations with exposures longer than 100 s; the other catalog 
includes all HRI pointed observations. 

11 jFl csch & Hardcastlc ( 2004) use the IROSAT Scientific Teaiiil 
l|2000l ) catalog of PSPC pointed observations as the basis for this 
match. 

1^ IWhite et al.l l|1996l ) generated their own point source catalog 
from all publicly available ROSAT PSPC observations. 



only if the extent measurement is > 10" and the likeli- 
hood is > 10 (F. H aberl, private communication; see also 
iHaberl et aT]|2000[ ). For three of the RASS sources the 
measured extent and extent likelihood are both 0"; for 
the fourth, RX J120023-01055 (NGC 4030), the cata- 
loged extent is 9", but the extent likelihood is 1, implying 
the source is actually unresolved. 

For the sources with pointed ROSAT observational 
data, the definition of source extension varies from cata- 
log to catalog. For the two sources detected by the HRI, 
IBMW 033728.0-243003 and IRXH J154949. 7-292310 
(counterparts to NGC 138 5 and NGC 60 0), th e extents 
are given as 0". However. Fanzera et all ()2003f ) give the 
actual source extent for NGC 1385 as 14" (with extent 
hkelihood 0). The catalog entry for NGC 6000 indi- 
cates that it is not extended, but does not give an as- 
sociated measurement. As for the PSPC sources, 2RXP 
J013305. 7-071835 (NGC 600) is fit by a Gaussian with 
cr = 12", and i s given an extent likelihood o f in the 
PSPC catalog (jROSAT Scientific TeamI [2000h . Finally, 
the WGACAT is defined as a point-source catalog, and 
no measurements are included in the available data. 

In summary, we find a total of 22 X-ray sources asso- 
ciated with NCs in our sample. We evaluate how many 
of these may possess black holes in the following section. 



3.3. Do these 



harbor black holes? 



We now consider how reliably we can infer the presence 
of MBHs in the galaxies for which our multiwavelength 
data indicate the presence of AGN. 

For the optical data, considerable work has been done 
to determine whether low-luminosity Seyferts, LINERS, 
and transition/composite objects do in fact represent 
MBH accretion. While Seyfert line ratios are a strong 
indicator of MBH accretion, it is not clear whether the 
same is true for all LI NERs an d transition/composite 
objects (see review by iHol 120041 ). Several recent stud- 
ies of LINER galaxies suggest that a majority of them 
do in fact indicate the presence of an MBH based on 
high resolutio n radio obs ervations (Nagar ct al."200 5D, X- 
ray e mission (jPudik et a l. 2005; Gonzalez-Marti n et al.l 
I2006D . and UV variability |Maoz et al.ll2005f) . There are 
cases where LINER line ratios do seem to be produced 
by star formation. For instance, in the LINER galaxy 
M61 (NGC 4303), the recently formed stars provide more 
than enough_ ionizing flux to explain the observed Ha 
emission (fColina et al.ll2002f) . suggesting that LINERS 
may sometimes just be caused by bursts of star forma- 
tion. However, we note that in the context of our sample, 
a majority of the LINERS are found in early type spiral 
galaxies, whose NCs are known to only raxely host signif- 
icant young stellar populations fiRossa et al.ll2006 l). The 
nature of composite or transition objects, proposed to be 
a mix of AGN emissio n and sta r formation, is even more 
difficult to determine ('Ho"2004'). From a radio survey of 
the HFS97 catalog, Nagar ct al. (2005) finds 16% of tran- 
sition objects have compact radio detections, compared 
to ~45% for the Seyferts and LINERs. The observation 
of broad-emission lines in NGC 1042 ( which we classify as 
a composite object) bv lShields et al.l (|2008D does provide 
strong evidence for a MBH in that galaxy. In summary, 
the presence of an AGN implies the presence of MBHs 
reliably in Seyferts and a majority of LINERS, but less 
reliably for sources with composite spectra. 
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For the radio data, the presence of AGN can only 
be safely inferred in cases where the emission is above 
a certain thres hold. Be low that threshold (typically 
^10^3 W Hz-^: lBestll2004[ ). either star-formation or low- 
level AGN can be responsible for the radio emission. 
The 13 galaxies with FIRST detections in our sample 
all have luminosities < 10^^ W Hz^^, which is unsurpris- 
ing given the low masses of galaxies in our sample and 
the obser ved correlation be tween galaxy mass and radio- 
loudness (jCroft et al.ll2007l ) . We therefore cannot use Lr 
alone to identify radio AGN in our sample. While mor- 
phological information could distinguish between star- 
formation and AGN emission in galaxies with lower radio 
luminosities, the resolution of FIRST data is insufhcient 
to place strong constraints on the nature of the sources in 
these galaxies. The radio data are therefore useful only 
in setting upper limits on any (low-level) emission from 
MBHs in these galaxies, which require higher resolution 
observations to be detected with confidence. 

For the X-ray data, which provide insight into a larger 
fraction of the AGN bolometric flux than the narrow 
optical emission lines, any well localized source with 
Lx ^ 2 X 10^^ ergs/sec very h kely originates from an 
MBH (e.g. Ivan der Mareill2004) . This criterion is met 
by only four of our sources, NGC 4750, NGC 6000, 
NGC 6951, and NGC 7418 (Table H]), two of which 
(NGC 4750 and NGC 6951) have available optical spec- 
tra and are classified as AGN. The other sources are 
either luminous but poorly resolved ROSAT/'P'SPC de- 
tections, or lower luminosity 10^^ ergs/sec) Chan- 
dra or XMM detections. For the ROSAT/V^VG detec- 
tions, the resolution is quite poor (FWHM ~30"), and 
thus covers a significant portion of the galaxy (~3 kpc). 
The X-ray flu xes are within the r ange expected for nor- 
mal galaxies (jShaplev et al.|[2"001 t). and thus could orig- 
inate either from collections of other X-ray sources or 
accretion onto an MBH (note we include the extended 
ROSAT/nm source in NGC 1385 in this category as 
well). For the higher resolution Chandra and XMM ob- 
servations, which are localized to be coincident with the 
NC (see Tabled]), the sources with low X-ray lu minosities 
overl ap with those expected for X-ray binaries (jFabbianol 
|2006[) . For instance, luminous X-ray sources in the NCs 
of M33 and NGC 2403 are both thought to b e X-ray 
binaries (|Dubus et al.|[200l lYukita et al.ll2007[ ). Also, 
low-mass X-ray binaries (LMXBs) are commonly found 
in massive clusters; in a survey of globular clusters in 
Virgo, ~25% of t he brightest glo bular clusters were found 
to have LMXBs (jSivakoff et al.1 ^007). The Chandra and 
XMM detections with Lx ^ 10^® ergs/sec are therefore 
consistent with the presence of X-ray binaries in these 
NCs. However, many low-luminosity AGN appear to 
have X-ray fluxes in this luminosity ra nge as well (e.g., 
iDudik et al] 120051 : iPanessa et all 120061 ). In conclusion, 
the presence of an MBH powered source is strongly in- 
dicated for four X-ray sources, while for the remainder 
of the sources the X-ray energy could be resulting either 
from MBH accretion or from other X-ray sources. 

Despite these uncertainties in identifying the presence 
of MBHs in single galaxies in our sample, the data pre- 
sented here collectively provide good evidence that the 
overlap between NCs and MBHs is common. In total, 
10 galaxies in our sample show strong evidence of an 
MBH, with ^30 more having some indication of a pos- 



sible MBH. Furthermore, it is likely that many MBHs 
in our sample galaxies do not have enough activity to 
bring them to our attention; for exa mple neithe r the ccn- 
tral black ho l e of t he Milky Way (iNaravan et al. 199^; 
' Shields et all [200l nor that of M32 C Ho et al.ll2003i) . 
galaxies similar to those in our sample, would likely be 
detected as AGN in our study. 

4. PREVIOUSLY KNOWN AGN/NC SOURCES 

In this section we present galaxies previously known 
to host both a NC and an MBH or AGN. These can be 
added to our sample to explore the types of galaxies in 
which NCs and MBHs overlap. Furthermore, four galax- 
ies presented below have measured black hole masses, en- 
abling a comparison of their NC and MBH mass (i5j2). 

We find nine galaxies previously identified as having 
both NCs and an AGN or MBH, three of which are con- 
tained in our sample. These are all galaxies in which 
the presence of both a NC and MBH /AGN is well sub- 
stant iated (but see also lGhosh et al.l [20061 : iDecarh et al.l 
[200l . 

The Milky Way hosts both a NC and an MBH. 
The NC in the Milky Wa y was first described by 
iBecklin fc Neugebaued ((l968f )' using IR observations, and 
was found to have a FWHM of 3 — 5^ (~10 pc), consis- 
tent with NCs in similar galaxies (jCarollo et al.| [2002). 
More recent studies using both star counts and kine- 
matics show that the mass enclosed within the central 
10 PC is - 3 X 10^ Mq (|Genzel et al.lll996l: ISchodel et all 
1 20071). The Galac tic MBH has a mass of 3.7 x 10^ Mq 
(jChez et al.ll2005l ). 

Another well known galaxy with a NC, AGN, and 
MBH is NGC 4395 an Sm type ga laxy at a dis- 
tance o f 4.3 Mpc dThim et all 120041 ) with Mb = 
-17.30 fPatur el et al. [l2003D. The NC in NGC 4395 
(jMatth ews ct all 119991) has an M/ = -11.3, an effec- 
tive radius of 0.19" f3.9 pc), and a velocity dispersion 
of < 30 ± 5 km/sec (jFilippenko fc Ho"2003^. Based on 
the velocity dispersion, Fihppenko & Ho (2003) suggest 
a mass for the NC of < 6.2 x 10*^ M0. Using the method 
described in Sj2ll to derive NC masses in late- type galax- 
ies, we estimate the NC mass to be 1.1 x 10^ Mq. The 
AGN i s one of the nearest and lea st luminous Seyfert 1 
nuclei (jFilippenko fc Sargentlll989f l. The black hole has 
a measured mass of 3.6 ± 1.1 x 10 M0 (jPeterson et al.l 
,2 005,), roughly o ne-thi rd th e mass of the NC. 

[Graham fc Driver! (|2007f ) note two elliptical/lenticular 
galaxies, NGC 33 84 and 7457, which have measured 
black hole masses (jTremaine et al.l |2002[ ) and apparent 
nuclear star clusters. Although the nuclear sources in 
bo th cases are unresolv ed in HST observations presented 
bv iRavindranath et al.l pOOli ). both nuclear spectra are 
classified as absorption spectra by HFS97, suggesting 
they are in fact n u clear star clusters. Using distances 
from iJensen et al.l ()2003f ). we find the Mh of the NCs 
of -15.44 and -15.71 for NGC 3384 and 7457 respec- 
tively, corresponding to NC mass estimates of 2.1 and 
2.7 X 10^ Mo (gaiV ^ 

Four sources in IScarlata et al.l ()2004l ) appear to have 
compact nuclear star clusters and are classified as transi- 
tion or AGN objects by HFS97. NGC 4321 (MlOO) and 
NGC 5921 are both Sbc galaxies with bright NCs [Mr ^ 
-14) classified as transition objects in HFS97. NGC 4321 
is undetected at X-ray and radio wavelengths despite tar- 
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Fig. 5. — Left - The galaxy properties of all galaxies with NCs that also host candidate AGN. The red points indicate spectra from 
HFS97, blue points are SDSS spectra, and green points have both HFS97 and SDSS spectra. The four X-ray sources that are very likely 
AGN (see [[3]3) are shown with large black X's, the rest of the detections have smaller gray X's. The six sources fr om the literature not 
contained within our sample are shown with circles (0. The black square is ESO205-G7 (see ^ IRossa etalYWO^ . Right - The galaxy 
type and absolute magnitude of all galaxies with spectra, colored as in the left panel. Note that because mass estimates are not available 
for all the galaxies (see [[21l, some data points in the top panel are missing in the bottom panel. 

5.1. Demographics of galaxies with AGN & nuclear star 

clusters 



geted observations (|Ho et all [200lt iNagar et all I2005D . 
The two other galaxies (NGC 6384 and 6951) are in 
our sample and are classified as LINER and Seyfert re- 
spectively Also in our sample i s the S b galaxy 
ESO205-G7, mentioned in iRossa et al] ()2006D as hav- 
ing a broad emission-line spectrum based on unpublished 
VLT/UVES spectra; however, this galaxy has no avail- 
able spe ctrum or X-ray detection . Fin ally, the recent 
work by iGonzalez Delgado et al.l (|2007[ ) analyzes HST 
WFPC2 archival data of AGN in the HFS97 survey, and 
includes observations of numerous objects that may host 
both NCs and AGN, including six of the galaxies for 
which we find overlap. 

Possibly related to these galaxies are the recent de- 
tections of MBHs in the centers of two massive globular 
clusters thought to be the NCs of stripped dw arf galax- 
ies fe.g.. lMevlan et al.ll200lHBedin et al.ll2004D . Dynam- 
ical observations of Gl and a; Cen suggest they host black 
holes with masses > lO'^ M^d ('Gebhar dt et al.|[200l 120051 
iNovola et aLll2006t iRasio et al.,.2006) . In Gl, this claim 
has been further strengthened by detection of X-ray and 
radio emission cons istent w ith a 2 x 10^ Mp, bl ack hole 
(jPoolev fc Rappapo rt 2GG6; .Ulvestad et al.|[2007l ). There 
is also much more tent ative evidenc e for MBHs in other 
globular clusters (Maccar one et al.l l2007t iTrentil l2006t 
iMcLaughlin et al.i r2006a: va n den Bosch et al.ll20'06i r 

In summary, we fiird six additional galaxies that have 
both NCs and MBHs, of which four have measured black 
hole masses. 

5. DISCUSSION 

We now discuss the most interesting results from our 
study. These include the demographics of galaxies with 
both AGN and NCs and the relative masses of MBHs 
and NCs. We also discuss our results in the context of 
models of the formation of NCs and MBHs. 



In this section we first discuss the range of properties 
spanned by the galaxies with both NCs and AGN, and 
then examine the detailed demographics of these galaxies 
in our spectroscopic sample. 

The left panel of Figurc[5]shows the Hubble type, mass, 
and absolute B-band magnitude of all galaxies presented 
in this paper hosting both NCs and candidate AGN, in- 
cluding sources from the literature (Q. Galaxies with 
both AGN and NCs cross all Hubble types and reach 
magnitudes as faint as Mg ~ — 16 and galaxy masses as 
low as ~ 10® M0. The AGN-I-NC galaxies are most com- 
mon among e arly type spirals and brighter/more massive 
galaxies (e.g.. iDecarli et aLl l2007f). As discussed in ij3l3, 
the sources most likely to be MBH-I-NC galaxies are the 7 
spectroscopic AGN candidates (squares in Figure O, the 
four brightest localized X-ray sources (black X's), and 
the six sources from the literature not contained within 
our sample (circles). Even these galaxies span a wide 
range of Hubble types and luminosities/masses. Thus 
the overlap of MBHs and NCs is a phenomenon that oc- 
curs in all types of galaxies between masses of 10® Mq 
and 10" Mq. 

To be more quantitative about which galaxies host 
AGN and which do not, we limit ourselves to the 75 
galaxies in the spectroscopic sample for which both the 
detections and non-detections of AGN are known. The 
right panel of Figure [5] shows the classification of all 
galaxies in the spectroscopic sample; triangles represent 
galaxies with absorption spectra, crosses the star-forming 
galaxies, diamonds the composite galaxies, and squares 
the AGN. Seven galaxies are classified as AGN (9% of the 
sample), and 18 as composite or AGN (24% of the sam- 
ple). Based on our discussion in |j3l3, this suggests that 
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Fig. 6. — Fraction of the 75 galaxies in the spectroscopic sample classified as composite or AGN objects as a function of galaxy B-band 
absolute magnitude (left), galaxy mass (center), and NC mass (right). In all panels, diamonds indicate the detection rate for all galaxies, 
while X's include only the spiral galaxies (T>0). The vertical bars show Poisson errors, while the horizontal bars indicate the width of 
each bin. 



> 10% of NCs in our spectroscopic sample host MBHs. 

Most of the galaxies with AGN spectra (including the 
composite objects) are among the brighter and more 
massive galaxies in our sample. This trend is more 
clearly seen in Figure [6l which shows the fraction of 
galaxies in the spectroscopic sample with C/AGN spec- 
tra as a function of galaxy B-band absolute magnitude, 
galaxy mass, and NC mass. A strong correlation is 
seen in each case, with the highest mass galaxies and 
NCs having AGN fractions of - 80%. This trend of 
increasing AGN activi ty with in creasing gala xy mass is 
well d ocumented (e.g.jHo et al.i ri997b: Kauff mann et al.l 
120031: iDecarU et all I2007D . The high detection rate of 
AGN in galaxies with Mb < — 20 and with galaxy mass 
of ^ 10^^ Mq is consistent with the findings o f these 
previous surveys. In particular, iDecarli et al.l ()2007D 
find that almost all Virgo cluster spiral galaxies with 
dynamical mass > 10^^ Mq have AGN spectra, with 
little dependence on Hubble type. However, a direct 
comparison with previous studies is complicated by the 
strong distance depende nce of the detected AGN fraction 
(|Kauffmann et al.ll2003f ) and varying survey depths. 

One way of considering whether NCs have any effect 
on the presence of an AGN is to look at the fraction 
of AGN as a function of the galaxies' Mffc/Mcai (see 
Figure [2]). For galaxies with MNc/Moai > 10"^ the 
fraction of AGN is very similar (28%) to those with 
MNc/Mcai < 10"^ (25%). This indicates that the trend 
observed in the right panel of Figure[6]of increasing AGN 
fraction with increasing NC mass may just reflect the 
correlation of NC mass with galaxy mass. 

Some varia tion in the AGN fraction is also seen with 
Hubble type. iHo et all ()1997bD find that transition and 
AGN spectra are found in ^ 50% of E and SO galaxies, 
70% of Sa's, 50% of Sb's, and 15% of Sc-Sm's. Unfortu- 
nately, direct comparison to our sample is complicated 
by our inclusion of SDSS data, which differ from the 
HFS97 data in selection function and sensitivity. Taking 
just the data from their survey (blue and green points 
in Figure E]), we classify 1 of 4 E/SO's, 7 of 9 Sa-Sbc's, 



and 3 of 10 Sc-Sm's as C/AGN galaxies. Despite the 
small number of galaxies (and slight differences in the 
classifications), these detection fractions in ou r galaxies 
with N Cs are statistically consistent with what iHo et all 
(|1997bf) find for the survey as whole. 

The spectroscopic sample does not uniformly cover our 
full NC galaxy sample. Good SDSS coverage of the Virgo 
clusters provides spectra for a high fraction of ellipticals 
75%), but the fraction of spirals with spectra is much 
lower (^ 30%) and is particularly lacking for the fainter 
spirals. This lack of spectra hinders our ability to deter- 
mine the demographic trends of AGN in our sample. 

Overall, the demographic evidence suggests that galax- 
ies with NCs have AGN fractions consistent with the 
population of galaxies as a whole. However, a larger, 
uniform sample of spectra for galaxies with and without 
NCs is needed to test this conclusion. 

5.2. The relative mass of nuclear star clusters and 
massive black holes 



In lFerrarese et all ()2006l ). the log{M) — a relationship 
for NCs and MBHs have similar slopes, but the normal- 
izations differ by roughly an order of magnitude, with 
NCs being mor e massive at a given bulge velocity disper- 
sion. Similarly, iRossa et al.l ()2006[ ) find that the normal- 
ization of the M]sic — Li,uige,B relation gives NC masses 
^3.3 times more massive than the c orresponding MBH 
relation from lMarconi &: Hunt! (j20 03'). Based on a model 
for the McMO — M^gai relatio n resulting from feedback o f 
the CMO on the host galaxy, iMcLaughlin et all (|2006bD 
suggested this offset may be the result of the reduced 
efficiency of NC formation feedback relative to feedback 
from an accreting MBH, thus allowing the NCs to grow 
larger than an MBH at a given galaxy mass. With the 
present sample of NCs with AGN activity, we have the 
opportunity to potentially measure the relative mass of 
the NCs and MBHs within the same galaxies. 

For four spiral galaxies from the literature (Milky Way, 
NGC 4395, NGC 3384, NGC 7457, see g]), we can com- 
bine direct estimates of the black hole masses and our 
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Fig. 7. — Limits on the relative mass of nuclear star clusters and massive black holes as a function of galaxy mass (left) and NC mass 
(right). Stars are galaxies which have measured black hole masses (or upper limits) in the literature (§3.3). The rest of the points represent 
lower limits based on the bolometric luminosity of their AGN . Different symbols indicate Seyferts (squares) , LINE RS ( crosse s) , and X-ray 
sources (X's). For the Seyferts and LINERS, the arrow length indicates the typical ifcoi/^Bdd for each class from lH j II2004I ) . 



own estimates of the NC masses (UHl). Figure [7] shows 
the galaxy mass vs. Mbh /Mnc ratios for these objects, 
which all fall between 0.1 and 1. 

We can constrain the Mbh/M^c ratio from our sam- 
ple galaxies by deriving lower limits to the masses of 
black holes from the bolometric luminosity of the AGN. 
Both the Ha and [OIII] luminosities are known to be 
good indicators of the X-ray and bol ometric luminos ities 
of low-luminosity AGN of aU types (|Ho et al.ll20"ol . in- 
cluding sources with significant absorption in the X-ray 
(jPanessa et al.|[2b06f) . Because the Ha luminosity suffers 
more contamination from star- formation, we use [O III] 
lumin osities to estimate Lx using the iPanessa et alJ 
(|2006( 1 relation: 



logiLx)^ 1.22 log{L[oiii])-7.3A 



(1) 



This yields typical L^qiii]! ^ 15 for our sample. 
We note that in the five cases in our sample where 
both X-ray data and C/AGN optical spectra are avail- 
abl e, their luminosities are consistent with galaxies in 
the IPanessa et al.l (|2006D sample. In these cases we de- 
rive the intrinsic X-ray luminosity based on the observed 
[OIII] luminosity to correct for any X-ray absorption. 
Then, for both our optical and X-ray sources, we assume 
an Lboi/Lx ~ 10 based on the results of the Ho (1999) 
for a sample of seven low-luminosity AGN. Note that 
this is a factor of ~3 less than the typically assumed 
Lboi/Lx based on the lu minosity function of luminous 
quasars (jElvis et al.lll994[ ). The derived bolometric lumi- 
nosities were then divided by the Eddington luminosity 
for a 1 M© object to obtain a lower limit on the black 
hole mass. The resulting lower limits on Mbh /Mxc (ac- 
tually {Lboi / LEdd,Q) /Mffc) are shown in Figure[7]for the 
nine strongest AGN candidates in our sample. 

The highest lower limit from the sample is observed for 
NGC 6951, which has Mbh/Mnc > 3 x lO'^. The mean 
lower limit on Mbh/Mnc is 3x 10^'* for the three Seyfert 
galaxies (squares), and 6 x 10^^ for the four LINERS 



(crosses). For AGN in general (i.e., without respect to 
the presence of a NC), the mean Ltoi/LEdd ratios are 
~ 4 X 10-4 for Seyfert s and ~ 3 x 10-^ for LINERS and 
composite objects ()Hdl2004 ). If these ratios hold for the 
AGN in our sample, then our results are consistent with 
Mbh/Mnc of near unity. These mean Lboi/LEdd ratios 
are indicated in Figure[7]by the length of the arrows from 
the Seyfert and LINER data points. 

On the other hand, a strong piece of evidence that not 
all NCs host black holes of similar mass are the non- 
detections of black holes in Loc al Group galaxi e s with 
nuclear star clusters. In M33, iGebhardt et al.l ()200lD 
place an upper limit on the black hole mass of 1500 Mq. 
Assuming a mass for t he M33 NC of ~ 2 x 10*^ Mq 
(|Kormendv fc McClurd[l993f) . this non-detection implies 
an Mbh/Mnc < 10"^. Similarly, in NGC 205, the 
upper limit on the black hole mass is 2.2 x 10^ Mq 
i Valluri et al. 2005), while the NC mass is 1.4 x 10^ Mq 
I De Riicke et al.. 20061 giving Mbh/Mnc < 1.6 x lO'^. 

Finally, the globular cluster Gl in Andromeda, pro- 
posed t o be the stripped nu clear star cluster of a dwarf 
galaxy (|Mevlan et al.|[200ll ). also has an available mea- 
surement of Mbh /Mnc- The globul ar cluster mass 
is 8 X 10^ Mq (.Baumgardt et al-lboOSl) and t he black 
hole mass 1.8 x 10"^ M^ ljCebhardt etall |2005[ ). giving 
Mbh/Mnc -2x lO'^. 

In summary, for four galaxies with measured black hole 
masses, the ratio of Mbh/Mnc ranges from 0.1 to 1.0. 
Candidate AGN in our sample also have luminosities that 
imply a Mbh/Mnc of near unity. However, the black 
hole in the globular cluster Gl and black hole mass upper 
limits in M33 and NGC 205 show that at least some 
NCs have much lower Mbh/Mnc or may not contain 
a MBH at all. The higher Mbh/Mnc measurements 
may result from a bias towards finding high mass black 
holes in galaxies that have AGN or measurable black hole 
masses. Overall, the evidence presented here suggests 
a wide range exists in the relative masses of NCs and 
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MBHs. 



5.3. Formation Mechanisms 



Based on the scaling relations for central massive ob- 
jects and the presence of galaxies with both NCs and 
MBHs, there are two possibilities for the relative forma- 
tion of central massive objects. Either the formation of 
MBHs could be directly linked in some way to the for- 
mation of NCs, or NCs and MBHs could be produced 
by processes which scale similarly with galaxy mass, but 
are otherwise unrelated. We explore the first possibility 
below. 

Because NCs are the domina nt objects at the cen- 
ters of lower mass galaxies (jFerrarese et al.l 120061 : 
iWehner fc Harrig |2006\ one natural possibility in hi- 
erarchical galaxy formation scenarios is that NCs lead 
to the formation of MBHs. Formation mechanisms for 
NCs fall into two classes: those that create NCs from 
the merging of globular clusters due to dyn amical fric- 
tion (Trc maine et al.lll975l : iLotz et al.ll2001f ). and those 
in which NCs are created in situ fro m gas acc retion onto 
the n ucleus due to galaxy merging (: Mihos fc HcrnquislJ 
1994fl or from d isk gas dynamics (iMilosavlievig ,20041 : 



Bekki et al.l[2006l ). The in situ scenario is favored by ob- 



servations that NCs in spiral galaxies have complicated 
star format ion histories, suggest i ng frequent episodi c star 
formatio n (IWalcher et all 20061: iRossa et al.ri2006f ). In 
addition, ISeth et al.l (|2006D found NCs in late-type spi- 
rals that have young stellar disks aligned with the host 
galaxy disk s , indic ative of gas accretion onto the nucleus. 
ICote et all (|2006l ) also found support for gas accretion 
in the formation of NCs in elliptical galaxies; their more 
massive NCs are redder (implying higher metallicity) and 
more luminous than would be expected if they formed by 
mergers of globular clusters. 

During in situ formation, MBH formation could occur 
through the merging of massive stars at the cen ter of 
the cluster (see review by iMiller&ColberlJ '200l_^Jbr 
instan ce, dynamical modelling bv IPortcgics Zwar t~^ al.l 
(|200l of the dense 3.5 x 10^ Mq cluster MGG 11 in M82 
shows that runaway collisions of massive stars leads to 
the formation of a black hole with mass ^ 0.2 — 1% of 
the mass of the cluster. Star formation episodes in NCs 
could certainly reproduce the high densities and massive 
star formation required for this mode of MBH forma- 
tion. However, the MBHs in at least some of the NCs 
in our sample have masses nearly equal to that of the 
NC; further accretion onto the MBH would be required 
to explain these cases. Also, if MBHs were a natural 
consequence of NC formation, we might expect to see 
a higher fraction of AGN in galaxies with NCs than for 
the general galaxy population; this does not appear to be 
the case (see [JUl). These lines of evidence suggest that 
if there is a link between formation of NCs and MBHs, 
the NCs provide at most seed black holes which can then 
accrete into a more massive black hole. 

The lack of NCs in high mass galaxies also pro- 
vides a clue to the evolution of CMOs. It is possi- 
ble that during the buildup of more massive galaxies, 
the NCs could be destr oyed (e.g., by black hole merg- 
ing; iMilosavljevic fc Me rritt 2001), leaving behind only 
an MBH. Alternatively, the presence of an MBH would 
likely suppress the process of accretion and star forma- 
tion in the NC due to enhanced feedback, thus preventing 



further NC growth. 

Theoretical work and simulations are necessary to bet- 
ter understand these processes. Specifically, further sim- 
ulations of MBH formation in massive clusters are needed 
that incorporate the episodic gas accretion thought to 
occur in NCs. Modelling of NCs and MBHs in hierar- 
chical merging scenarios are also essential to explain the 
demographics of galaxies that host NCs and/or MBHs. 

6. CONCLUSIONS AND FUTURE WORK 

We have assembled a sample of 176 galaxies known 
to host nuclear star clusters to study the relationship 
between nuclear star clusters and massive black holes. 
We then use optical spectroscopy and radio and X-ray 
data to look for AGN in this sample. For 75 galaxies 
with available optical spectra, we classify 7 galaxies as 
AGN and 11 as composite objects. X-ray catalogs from 
Chandra, ROSAT, and XMM provide detections of 22 
galaxies in the sample, 4 of which have well-localized 
sources with X-ray luminosities indicating they are likely 
AGN. Lastly, we have assembled previously published 
results for 9 galaxies that indicate they have both NCs 
and MBHs/AGN; three are included in our sample. 

From this work we conclude that galaxies with both 
NCs and MBHs are relatively common. In addition, by 
examining the objects in our sample we find that: 

1. Galaxies that host both NCs and AGN/MBHs 
span all Hubble types, have magnitudes as faint 
as Mb ^ —16, and masses as small as 10^ Mq. 
For galaxies in our sample with available spectra, 
> 10% appear to host both NCs and MBHs. 

2. Galaxies with NCs have AGN detection fractions 
that increase strongly with increasing galaxy and 
NC mass, consistent with previous studies of the 
general galaxy population. Variation of the AGN 
fraction with Hubble type in our samp le is also 
consist ent with the full Palomar survey (|Ho et al.l 
Il997bf ). This suggests that nuclear clusters do not 
play a strong role in promoting or limiting the ac- 
tivity of massive black holes. 

3. In four galaxies with NCs and measured black hole 
masses the ratios of the MBH mass to the NC mass 
are between 0.1 and 1. The luminosity of the AGN 
in our sample of galaxies with NCs are also con- 
sistent with these mass ratios. However, the non- 
detection and low masses of MBHs in Local Group 
NCs suggest a much wider range of MBH-to-NC 
mass ratios. 

4. For galaxies of the same mass, NCs in late-type 
spiral galaxies are typically an order of magnitude 
less massive than those in elliptical galaxies. This 
result will be discussed further in a forthcoming 
paper. 

Although the data presented here provide compelling 
evidence for a significant overlap between the MBH and 
NC population, the evidence for the presence of an active 
MBH in many of the individual objects is quite weak. 
A number of observations could strengthen this evi- 
dence, including high-resolution C handra observatfons o r 
Spitzer mid-IR spectroscopy fe.g.. ISatvapal et aLll2007f) . 
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Furthermore, less than half of the galaxies in our sam- 
ple have available optical spectroscopy - obtaining spec- 
troscopy for more is desirable and will help fill gaps in 
parameter space (e.g., the lack of spectra of low-mass 
early type spiral). Finally, detailed studies of objects 
with both NCs and MBHs will be required to improve 
our understanding of the connections between these cen- 
tral massive objects. 
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TABLE 1 

Optical Spectroscopy for Star-forming Galaxies 



Galaxy log{[OIII]/H/3) log{[NII]/Ha) log([SII]/Ha) log([OI]/Ha) Ha/H/3^ SFR [Mq/jt] SDSS Class"" HFS97 Class<= 



NGC450 


-0.03±0.04 


-0.56±0, 


.03 


-0.40±0, 


,02 


-1.33±0.07 


4.1 


7.7E-03 


HII 




UGC4499 


0.11±0.04 


-0.89±0, 


,06 


-0.40±0, 


,03 


-1.34±0.10 


3.2 


4.6E-04 


HII 




NGC2964 


-0.55±0.10 


-0.31±0, 


,10 


-0.58±0, 


,10 


-1.77±0.10 


5.6 


3.5E-01 




HII 


NGC3346 


-0.56±0.05 


-0.45±0, 


,02 


-0.50±0, 


,02 


-1.53±0.10 


3.7 


3.4E-03 


HII 


HII 


NGC3913 


-0.51±0.08 


-0.40±0, 


,03 


-0.45±0, 


,03 


-1.35±0.12 


3.0 


1.2E-03 


HII 




NGC3949 


-0.66±0.10 


-0.40±0, 


,10 


-0.36±0, 


,10 


-1.30±0.30 








HII 


A1156+52 


-0.13±0.06 


-0.63±0, 


,04 


-0.39±0, 


,03 


-1.77±0.30 


3.8 


2.0E-03 


HII 




NGC4144 


0.08±0.04 


-0.87±0, 


,06 


-0.31±0, 


,03 


-1.20±0.10 


3.2 


2.0E-04 


HII 


HII 


NGC4183 


-0.08±0.03 


-0.62±0, 


,02 


-0.45±0, 


,02 


-1.58±0.07 


5.5 


l.lE-02 


HII 


HII 


NGC4244 


-0.22±0.11 


-0.70±0, 


,09 


-0.43±0, 


,06 


-1.32±0.24 


3.9 


1.6E-04 


HII 


HII 


NGC4384 


-0.18±0.02 


-0.53±0, 


,01 


-0.56±0, 


,01 


-1.67±0.05 


3.2 


8.3E-02 


HII 




VCC1250 


-0.29±0.23 


-0.34±0, 


,12 


-0.45±0, 


,16 


-0.92±0.25 


3.9 


1.8E-03 


HII 




NGC4618 


0.14±0.01 


-0.71±0, 


,01 


-0.54±0, 


,01 


-1.62±0.04 


3.1 


3.7E-03 


HII 


HII 


NGC5585 


0.23±0.10 


-0.82±0, 


,10 


-0.50±0, 


,10 


-1.77±0.10 








HII 


NGC5584 


-0.50±0.04 


-0.50±0, 


,02 


-0.53±0, 


,02 


-1.65±0.10 


3.5 


7.7E-03 


HII 




NGC5669 


-0.40±0.02 


-0.57±0, 


,01 


-0.50±0, 


,01 


-1.82±0.07 


3.5 


1.6E-02 


HII 


HII 


NGC5774 


-0.41±0.17 


-0.41±0, 


,05 


-0.22±0, 


,04 


-1.14±0.14 


4.2 


2.2E-03 


HII 




NGC6239 


0.23±0.01 


-0.76±0, 


,01 


-0.62±0, 


,01 


-1.86±0.03 


4.5 


6.5E-02 


HII 





" Galaxies with no data for their Ha/H/3 ratio and SFR are those for which the HFS97 data were not photometric.'' The classification of 
HII indicates a star-forming spectra (^1).'^ This column gives our classification of the HFS97 line ratios. 
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TABLE 2 

Optical Spectroscopy for Composite and AGN Galaxies 



Galaxy 


log{[OIII]/H/3) 


log([NII]/Ha) 


log{[SII]/Ha) 


log([OI]/Ha) 


Ha/H/3 ^ 


L[oiii]/Lq 


SDSS Class 


HFS97 Class'^ 


NGC42S 


yj. J.ij_i_>j. J.VJ 


_n 2^+n 1 


n 1 2+n 1 n 

yj. j.ij_i_>j. J.VJ 


<-0.72 










C/L2 


NGCin42 


_n ni +n 02 


_n 2fi+0 01 




_i 20+0 04 


3.6 


6.7E- 


^04 


Q 


NGC^I 77 




_n 20+n 01 


_n 5s+n 02 


_i 4n+0 05 


5.6 


3.7E- 


^05 


Q 




NGC'^2'iq 


72+n (14 




_n 41 +n 04 


_n OA-un nfi 


4.9 


5.6E- 


^05 


AGN/S2 




NGC3423 




-0 31 +n 05 


-0 38+n 05 


-1.15+0.14 


3.4 


3.4E- 


f03 


c 


c 




_n 2^+0 02 


_n Qi -|_n ni 


_n Ki -|_n ni 


-1 47+0 04 

±."-11 _i_ w . yj'-t 


3.2 


1.3E- 


f05 


Q 




NGC4206 


-0.13±0.15 


-0.31±0.09 


-0.26±0.08 


-1.17+0.30 


3.9 


2.0E- 


^03 


c 




NGC4411B 


0.39±0.37 


-0.19±0.10 


-0.27±0.12 


-0.91+0.25 


7.2 


3.7E- 


f04 


AGN/S2 




NGC4517 


0.09±0.17 


-0.29±0.10 


-0.25±0.10 


-1.27+0.10 


7.7 


5.2E- 


f04 


C/L2 


VCC1619 


0.27±0.10 


-0.26±0.10 


0.05±0.10 


-0.77+0.10 










C/L2 


NGC4625 


-0.35±0.10 


-0.31±0.05 


-0.33±0.05 


-1.00+0.10 


3.2 


2.1E- 


^03 


C 


NGC4750 


0.24±0.10 


0.46±0.10 


0.30±0.10 


-0.22+0.10 


3.3 


2.0E- 


f05 




AGN/L1.9 


NGC5377 


0.30±0.17 


0.33±0.10 


0.22±0.10 


-0.60+0.10 


4.6 


5.8E- 


f05 




AGN/L2 


NGC5678 


-0.17±0.08 


-0.22±0.03 


-0.48±0.05 


-1.20+0.12 


7.0 


3.7E- 


^05 


c 


C 


NGC5806 


-0.05±0.07 


-0.15±0.05 


-0.38±0.06 


-1.07+0.14 


4.1 


8.4E- 


^04 


c 


C 


NGC5879 


0.08±0.06 


-0.05±0.05 


-0.05±0.05 


-0.68+0.08 


3.6 


2.6E- 


^04 


AGN/L2 


AGN 


NGC6384 


0.18±0.17 


0.24±0.10 


O.OSitO.lO 


<-0.82 


3.1 


6.8E- 


f03 


AGN/L2 


NGC6951 


0.82±0.10 


0.39±0.10 


-0.04±0.10 


-0.64+0.10 


16.7 


3.0E- 


^07 




AGN/S2 



^ Galaxies with no data for their Ha/H/3 ratio and [OIII] luminosity are those for which the HFS97 data were not photometric.'' Classes 
are defined in "C"=composite, "L"=LINER and "S"=Seyfert.'^ This column gives our classification of the HFS97 line ratios. 



TABLE 3 

Radio data for the 13 galaxies with FIRST matches. 





Optical 


Separation 


Integrated 


RMS 


Major 


Minor 


LlAGHz 


Galaxy 


Class 


NC (") 


Flux (mjy) 


{") 


Axis (") 


Axis (") 


(W Hz-1) 


NGC 2964 


HII 


0.2 


28.38 


0.14 


6.98 


4.99 


1.5 X 10^1 


NGC 3177 


C 


1.0 


26.21 


0.24 


9.47 


7.56 


1.3 X 10^1 


NGC 3277 




0.6 


3.29 


0.14 


7.40 


6.77 


1.9 X 10^0 


NGC 3928 


C 


0.7 


8.55 


0.14 


10.11 


8.99 


2.6 X 10^'' 


NGC 3949 


HII 


24.9 


21.08 


0.14 


23.21 


17.68 


5.4 X 10^0 


NGC 4030 




10.0 


34.26 


0.16 


41.07 


26.28 


1.8 X 10^1 


NGC 4144 


HII 


14.9 


1.56 


0.14 


3.82 


0.00 


9.8 X IQis 


VCC 437 




25.9 


4.94 


0.13 


9.19 


8.38 


1.6 X 10^0 


NGC 4384 


HII 


3.3 


12.52 


0.15 


14.39 


10.39 


2.3 X 10^1 


NGC 4701 




3.6 


5.93 


0.15 


18.66 


8.88 


8.8 X 10^^ 


NGC 5377 


AGN/L2 


1.4 


3.26 


0.14 


6.94 


6.61 


3.8 X 10^0 


NGC 5678=* 


C 


7.2 


68.39 


0.14 


44.03 


32.26 


6.6 X 10^1 


NGC 6239=1 


HII 


0.8 


4.11 


0.17 


11.96 


5.43 


1.4 X 10^0 



Note. — All of these galaxies were also detected by NVSS. 
^ Flagged as a possible sidelobe of a nearby bright source. NGC 5377 has two other fainter FIRST 
sources within 20" of the NC position; NCC 6239 has no other FIRST sources within 60". It is 
unclear why these radio sources are flagged. 
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TABLE 4 

X-RAY DATA FOR THE 22 GALAXIES WITH Chandra, ROSAT, OR XMM MATCHES. 





Optical^ 


X-ray 


Separation 


Extent 


Lx^, 2-10 keV 


Galaxy 


Class 


Source Name 


NC {") 


(") 


(erg s-l) 


Chandra 


VCC 751 




X122448.46-I-181141.8 


1.3 


2.0 X 2.0 


1.58 X lO'^'* 


VCC 828 


ABS 


X122541. 63-1-124837.3 


1.3 


5.0 X 5.0 


3.25 X 10^8 


VCC 1192 




X122930.2H-075934.6 


0.8 


0.7 X 0.6 


2.37 X 10^* 


NGC 4750 


AGN/L1.9 


X125007.34-I- 725228.8 


1.0 


0.4 X 0.4 


1.05 X 10"*° 


NGC 5678 


C 


X143205.54-I-575517.2 


0.5 


0.7 X 0.3 


6.67 X 10^8 


NGC 5774 


HII 


X145342.77-I-033503.2 


4.9 


0.7 X 0.6 


1.17 X 10^8 


NGC 5879 


AGN/L2 


X150946.72-I-570000.2 


1.0 


1.0 X 0.5 


2.51 X 10^8 


ROSAT 


NGC 600 




2RXP J013305.7-071835 


9.8 





8.10 X 10^^ 


NGC 1385<= 




IBMW 033728.0-243003 


4.1 


14 


1.13 X lO^o 


NGC 2566^ 




IRXS J081847.0-252922 


40.7 





2.69 X 10*0 


NGC 3259 


AGN/S2 


RX J103234+65024 


9.4 





1.27 X 10*° 


NGC 3445 




IWGA J1054.5+5659 


9.4 




2.66 X 1039 


NGC 4030 




RX J120023-01055 


10.8 


9 


1.47 X 10*° 


NGC 4540^ 




IRXS J123456.0-f 153314 


74.1 





7.60 X 10*° 


NGC 6000<= 




IRXH J154949. 7-292310 


3.6 





5.83 X 10*° 


XMM 


NGC 1493 




2XMM J035727.3-461239 


4.5 


< 6 


3.51 X 10^** 


VCC 1250 


HII 


2XMM J122959. 1-1-122052 


3.0 


< 6 


3.23 X 10^* 


VCC 1283 


ABS 


2XMM J123018. 3-1-133440 


0.7 


< 6 


2.82 X 10^8 


VCC 1355 




2XMM J123120.2-I-140656 


1.8 


< 6 


4.37 X 10^8 


NGC 4517 


C 


2XMM J123245. 4-1-000655 


1.8 


< 6 


7.25 X 10^8 


NGC 6951 


AGN/S2 


2XMM J203714.0-I-660619 


0.5 


< 6 


5.39 X lO^'' 


NGC 7418 




2XMM J225636. 0-370145 


1.5 


< 6 


6.37 X 1039 



^ Classes identified in Jsjl; ''ABS" ^absorption spectrum.^ Assuming T ^ l.S.'^ ROSAT/URl 
detection.'^ Tentatively associated with X-ray source. 
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TABLE 5 

Galaxies With Nuclear Star Clusters Sample 



Galaxy 


TvDC 


T 


D [Mpc] 


Mb 


^^SK.^"^ gal / ^^^^ J 


Source^ 


NC r^tf^ 




Spectra'' 


NGC275 


SBc 


6.0 


24.0 


-19.1 




B02 


0.05 


6.3 


None 


NGC289 


SBbc 


3.9 


27.4 


-20.5 


10.9 


C02 


0.13 


7.9 


None 


NGC300 


Scd 


6.9 


1.9 


-17.6 


9.3 


B02 


0.13 


6.0 


None 


NGC337a 


SABd 


7.9 


14.3 


-17.9 


9.4 


B02 


0.06 


5.3 


None 


NGC406 


Sc 


4.9 


17.5 


-18.2 


9.7 


C02 


0.10 


5.8 


None 


NGC428 


SABm 


8.6 


15.9 


-19.1 


9.8 


B02 


0.05 


6.5 


HFS97 


NGC450 


SABc 


5.9 


24.4 


-19.2 


9.7 


B02 


0.11 


6.1 


SDSS 


NGC600 


Scd 


6.9 


25.1 


-19.0 


9.9 


B02 


0.06 


6.2 


None 


NGC853 


Sm 


8.7 


21.0 


-15.9 


9.6 


B02 


0.05 


6.1 


None 


NGC986 


Sab 


2.3 


24.9 


-20.3 


10.9 


C02 


0.11 


7.9 


None 


NGC1042 


SABc 


6.0 


18.0 


-19.6 


10.0 


B02 


0.05 


6.5 


SDSS 


NGC1325 


SBbc 


4.0 


20.1 


-19.3 


10.3 


C98 


0.09 


7.1 


None 


ESO548-G10 


Scd 


6.8 


16.5 


-17.7 


9.4 


C97 


0.07 


6.9 


None 


ES0358-5 


SABm 


8.8 


20.0 


-16.7 


9.4 


B02 


0.05 


5.9 


None 


NGC1345 


Sc 


5.1 


19.5 


-17.1 


9.2 


C02 


0.05 


6.1 


None 


ES0548-G29 


SABb 


3.4 


16.2 


-16.7 




C02 


0.04 


5.9 


None 


ES0418-8 


SABd 


7.9 


14.1 


-16.7 


9.4 


B02 


0.05 


5.5 


None 


NGC1385 


Sc 


5.9 


18.6 


-19.9 


10.3 


C98 


0.04 


6.4 


None 


ES0482-G17 


Sab 


2.2 


18.5 


-16.1 


10.0 


C97 


0.15 


6.7 


None 


ES0549-G18 


SABc 


5.0 


20.0 


-17.9 


9.9 


C02 


0.17 


6.2 


None 


NGC1483 


SBbc 


4.0 


12.6 


-17.3 


9.1 


C02 


0.03 


5.3 


None 


NGC1493 


SBc 


6.0 


11.3 


-18.4 


9.6 


B02 


0.06 


6.4 


None 


ESO202-41 


SBm 


9.0 


19.8 


-16.3 


9.3 


B02 


0.06 


5.0 


None 


NGC1688 


SBc 


6.2 


13.4 


-18.5 


9.5 


C02 


0.06 


6.3 


None 


NGC1892 


Sc 


5.8 


15.2 


-18.1 


9.6 


C02 


0.05 


6.7 


None 


NGC2082 


SBb 


3.2 


15.3 


-18.2 


9.8 


C02 


0.06 


6.3 


None 


NGC2104 


SBm 


8.9 


12.8 


-17.3 


9.1 


C97 


0.13 


5.7 


None 


ESO205-G7 


SBb 


3.0 


24.7 


-16.6 


9.7 


C02 


0.12 


7.6 


None 


NGC2139 


Sc 


5.9 


23.6 


-19.9 


10.1 


B02 


0.07 


5.9 


None 


UGC3574 


Sc 


5.9 


23.3 


-17.8 




B02 


0.06 


6.1 


None 


NGC2397 


SBb 


3.1 


15.1 


-18.2 


10.1 


C97 


0.27 


8.5 


None 


UGC3826 


SABc 


6.5 


27.8 


-17.6 




B02 


0.07 


5.6 


None 


NGC2566 


Sb 


2.8 


21.0 


-19.7 


10.7 


C02 


0.11 


8.7 


None 


NGC2552 


SABm 


9.0 


10.0 


-17.3 


9.0 


B02 


0.05 


5.8 


SDSS 


UGC4499 


Sd 


7.9 


12.6 


-16.2 


8.7 


B02 


0.07 


4.9 


SDSS 


NGC2758 


SBbc 


3.9 


26.1 


-17.9 


10.0 


C02 


0.07 


6.5 


None 


NGC2763 


SBc 


5.6 


25.4 


-19.4 


10.1 


B02 


0.07 


5.9 


None 


NGC2805 


SABc 


6.9 


28.2 


-20.5 


10.0 


B02 


0.06 


6.7 


None 


UGC4988 


Sm 


8.7 


24.3 


-16.6 


9.1 


B02 


0.05 


5.8 


SDSS 


ES0498-G5 


SABb 


4.3 


32.4 


-18.5 


10.1 


C02 


0.05 


7.3 


None 


UGC5015 


SABd 


7.7 


25.4 


-16.6 


9.1 


B02 


0.06 


5.9 


SDSS 


IRAS09312-3248 


Sc 


6.0 


10.6 


-17.4 


9.6 


S06 




5.0 


None 


NGC2964 


Sbc 


4.1 


20.6 


-19.5 


10.5 


C02 


0.14 


7.8 


HFS97 


NGC3045 


Sb 


3.0 


30.5 


-18.5 


9.9 


C98 


0.08 


6.8 


None 


ES0499-G37 


SABc 


6.2 


11.5 


-16.8 


8.4 


C02 


0.28 


5.8 


None 


NGC3177 


Sb 


3.0 


20.1 


-18.5 


10.1 


C98 


0.09 


8.1 


SDSS 


NGC3259 


SABb 


3.6 


27.5 


-19.3 


10.1 


C02 


0.11 


7.2 


SDSS 


NGC3277 


Sab 


1.8 


22.0 


-19.2 


10.4 


C02 


0.15 


8.3 


None 


NGC3346 


SBc 


6.0 


18.9 


-19.0 




B02 


0.04 


6.1 


S&H 


NGC3423 


Sc 


6.0 


14.7 


-19.2 


9.9 


B02 


0.06 


6.5 


S&H 


NGC3455 


SABb 


3.1 


16.9 


-16.8 


9.5 


C02 


0.04 


6.8 


None 


NGC3445 


SABm 


8.9 


32.1 


-19.6 


9.9 


B02 


0.05 


6.7 


None 


NGC3501 


Sc 


5.9 


17.4 


-17.7 




S06 




5.9 


None 


NGC3782 


Scd 


6.6 


13.6 


-17.6 




B02 


0.05 


5.4 


None 


NGC3885 


SO-a 


0.2 


24.1 


-19.0 


9.9 


C97 


0.22 


8.4 


None 


NGC3906 


SBcd 


6.8 


16.9 


-17.6 


9.3 


B02 


0.06 


5.4 


None 


NGC3913 


Scd 


6.6 


17.1 


-17.8 


9.4 


B02 


0.25 


5.3 


SDSS 


NGC3928 


E 


-4.5 


15.8 


-17.8 


9.7 


C02 


0.10 


7.4 


SDSS 


NGC3949 


Sbc 


4.0 


14.6 


-19.5 


9.9 


C02 


0.05 


6.9 


HFS97 


ES0572-G22 


SBcd 


6.7 


26.3 


-17.1 


9.6 


C02 


0.04 


6.2 


None 


ESO504-30 


SBd 


7.7 


24.0 


-17.0 


8.9 


B02 


0.06 


5.9 


None 


UGC6931 


SBm 


9.0 


20.6 


-16.0 




B02 


0.05 


5.3 


None 


A1156+52 


SBc 


5.8 


18.8 


-18.1 


9.4 


B02 


0.05 


5.7 


SDSS 


NGC4027 


SBd 


7.8 


22.8 


-20.2 


10.5 


B02 


0.07 


5.9 


None 


NGC4030 


Sbc 


4.0 


21.1 


-20.4 


10.9 


C98 


0.09 


8.0 


None 


NGC4144 


SABc 


6.0 


7.2 


-17.2 


9.0 


S06 


0.05 


4.8 


S&H 


VCC33 


E? 


-2.4 


16.5 


-16.3 




C06 


0.03 


5.7 


SDSS 


NGC4183 


Sc 


5.9 


16.2 


-18.2 


9.6 


S06 


* 


5.9 


S&H 


VCC140 


SO-a 


0.3 


16.5 


-16.7 




C06 


0.03 


5.7 


SDSS 


NGC4204 


SBd 


7.9 


13.9 


-16.9 




B02 


0.07 


5.4 


None 


NGC4206 


Sbc 


4.0 


11.3 


-17.4 


9.5 


S06 


0.18 


6.8 


SDSS 


VCC200 


E 


-4.1 


16.5 


-16.3 


9.0 


C06 


0.05 


5.4 


SDSS 


VCC230 


E? 


-2.5 


16.5 


-15.8 


8.8 


C06 


0.04 


6.5 


SDSS 


NGC4244 


Sc 


6.1 


4.3 


-17.7 


9.3 


S06 


0.16 


6.5 


S&H 


VCC437 


SO 


-2.5 


16.5 


-16.5 


9.3 


C06 


0.09 


6.6 


None 
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Galaxy 


Type 


T 


D [Mpc] 


Mb 


\oe.(M„„i /Ma>) 


Source* 


NO r^ff^ 


los(M]vn /Mc^) 


Spectra*^ 


NGC4299 


SABd 


8.3 


16.8 


-18.4 


9.3 


B02 


0.05 


6.0 


None 


VCC538 


E-SO 


-3.3 


16.5 


-15.6 


8.8 


C06 


0.03 


6.2 


None 


VCC543 


SO-a 


-1.0 


16.5 


-16.3 




C06 


0.16 


5.8 


SDSS 


VCC698 


SO 


-2.0 


16.5 


-17.5 


9.8 


C06 


0.04 


6.8 


SDSS 


VCC751 


SO-a 


0.1 


16.5 


-15.7 


9.2 


C06 


0.05 


6.1 


None 


NGC4384 


Sa 


1.0 


39.3 


-19.4 


10.1 


C02 


0.06 


6.3 


SDSS 


VCC784 


E-SO 


-2.8 


16.5 


-18.4 


10.1 


C06 


0.16 


7.7 


HFS97 


VCC828 


E 


-4.8 


16.5 


-18.1 


10.0 


C06 


0.21 


7.5 


SDSS 


VCC856 


E-SO 


-2.9 


16.5 


-16.6 


9.3 


C06 


0.16 


7.1 


SDSS 


NGC4416 


Sc 


5.9 


20.8 


-18.5 




B02 


0.22 


4.9 


None 


NGC4411B 


SABc 


6.1 


19.1 


-18.4 


9.6 


B02 


0.06 


6.5 


SDSS 


VCC1075 


E? 


-2.7 


16.5 


-16.0 


8.9 


C06 


0.04 


6.1 


SDSS 


VCC1087 


E 


-4.1 


16.5 


-16.7 


9.4 


C06 


0.03 


6.7 


SDSS 


VCC1125 


SO 


-1.8 


16.5 


-18.2 


10.0 


C06 


0.06 


6.4 


SDSS 


VCC1146 


E 


-4.8 


16.5 


-18.2 


10.0 


C06 


0.78 


8.7 


None 


VCC1185 


E 


-4.2 


16.5 


-15.6 


8.8 


C06 


0.06 


6.2 


SDSS 


VCC1192 


E 


-4.8 


16.5 


-16.2 


9.4 


C06 


0.12 


7.1 


None 


VCC1199 


E 


-4.1 


16.5 


-15.5 


8.9 


C06 


0.08 


6.9 


None 


VCC1242 


SO 


-2.0 


16.5 


-18.6 


10.2 


C06 


0.04 


7.1 


None 


VCC1250 


E-SO 


-3.0 


16.5 


-17.9 


9.9 


C06 


0.03 


7.0 


SDSS 


VCC1261 


E 


-4.8 


16.5 


-17.4 


9.5 


C06 


0.04 


7.0 


SDSS 


VCC1283 


SO 


-1.8 


16.5 


-17.6 


9.9 


C06 


0.05 


6.7 


SDSS 


NGC4487 


Sc 


5.9 


14.7 


-19.0 


9.8 


B02 


0.05 


6.6 


None 


VCC1355 


E 


-4.8 


16.5 


-16.5 




C06 


0.04 


6.2 


None 


NGC4496A 


SBd 


7.5 


15.0 


-18.8 


9.7 


B02 


0.05 


5.7 


None 


VCC1407 


E 


-4.1 


16.5 


-16.0 


9.0 


C06 


0.14 


6.4 


SDSS 


VCC1422 


E 


-4.8 


16.5 


-17.1 


9.4 


C06 


0.04 


6.7 


SDSS 


VCC1431 


E 


-4.0 


16.5 


-16.7 


9.4 


C06 


0.24 


6.8 


SDSS 


VCC1440 


E 


-4.4 


16.5 


-16.1 


9.2 


C06 


0.06 


6.9 


SDSS 


NGC4517 


Sc 


6.0 


16.5 


-20.0 


10.6 


S06 


0.04 


6.8 


HFS97 


VCC1488 


E-SO 


-2.9 


16.5 


-16.2 


8.9 


C06 


0.03 


5.0 


SDSS 


VCC1489 


E 


-5.0 


16.5 


-15.2 


8.6 


C06 


0.05 


5.6 


SDSS 


VCC1528 


E 


-4.2 


16.5 


-16.5 


9.4 


C06 


* 


5.7 


SDSS 


VCC1539 


E 


-5.0 


16.5 


-15.6 


8.6 


C06 


0.23 


6.3 


SDSS 


VCC1545 


E 


-3.6 


16.5 


-16.3 


8.9 


C06 


0.05 


5.9 


SDSS 


NGC4540 


SABc 


6.1 


19.9 


-19.0 




B02 


0.07 


6.2 


None 


VCC1619 


SO 


-2.0 


16.5 


-18.6 


10.2 


C06 


0.32 


8.1 


HFS97 


VCC1627 


E-SO 


-3.3 


16.5 


-15.6 


9.2 


C06 


0.20 


7.4 


SDSS 


VCC1630 


E 


-4.8 


16.5 


-18.2 


10.2 


C06 


0.50 


8.0 


None 


VCC1661 


E 


-5.0 


16.5 


-15.3 


8.6 


C06 


0.08 


6.5 


SDSS 


VCC1695 


SO-a 


-0.8 


16.5 


-16.4 


9.3 


C06 




5.8 


SDSS 


VCC1720 


SO 


-2.0 


16.5 


-18.7 


10.3 


C06 


0.09 


7.6 


HFS97 


VCC1826 


E 


-3.6 


16.5 


-16.0 


8.8 


C06 




6.7 


SDSS 


VCC1828 


Sc 


5.4 


16.5 


-15.9 


8.8 


006 


0.06 


6.0 


SDSS 


VCC1861 


E 


-4.8 


16.5 


-16.6 


9.3 


C06 


0.14 


6.6 


SDSS 


VCC1871 


SO 


-2.2 


16.5 


-17.2 




C06 


0.12 


7.3 


SDSS 


NGC4618 


SBm 


8.6 


10.7 


-18.8 


9.6 


B02 


0.10 


6.0 


S&H 


VCC1883 


SO 


-2.0 


16.5 


-19.0 


10.4 


C06 


* 


7.2 


HFS97 


VCC1886 


E 


-5.0 


16.5 


-16.1 




C06 


0.04 


5.8 


SDSS 


VCC1895 


E 


-3.5 


16.5 


-16.1 


9.0 


C06 


* 


5.1 


None 


NGC4625 


SABm 


8.8 


11.7 


-17.3 


9.4 


B02 


0.10 


5.6 


SDSS 


VCC1910 


E 


-4.8 


16.5 


-16.8 


9.5 


C06 


0.04 


6.8 


SDSS 


VCC1913 


SO-a 


-1.5 


16.5 


-17.8 


9.9 


C06 


0.60 


7.9 


None 


VCC2019 


E 


-3.5 


16.5 


-16.4 


9.2 


006 


0.04 


6.6 


None 


VCC2048 


E 


-4.7 


16.5 


-17.2 


9.6 


C06 


0.04 


6.1 


None 


VCC2050 


E 


-5.0 


16.5 


-15.8 




C06 


0.07 


5.6 


SDSS 


NGC4701 


Sc 


5.8 


11.1 


-17.4 


9.3 


B02 


0.04 


6.5 


None 


NGC4750 


Sab 


2.4 


27.2 


-20.3 


10.6 


002 


0.14 


8.1 


HFS97 


NGC4775 


Scd 


6.9 


22.5 


-20.2 




B02 


0.06 


7.6 


None 


NGC4806 


Sc 


4.9 


32.7 


-19.0 




002 


0.05 


7.0 


None 


NGC4980 


Sa 


1.1 


19.1 


-17.8 


9.4 


O02 


0.05 


6.4 


None 


NGC5023 


Sc 


6.0 


5.4 


-15.9 


8.7 


S06 


0.32 


5.3 


None 


ESO508-G34 


SABd 


8.3 


26.2 


-17.2 


8.8 


098 


0.06 


6.4 


None 


NGC5068 


Sc 


6.0 


8.7 


-19.0 


10.0 


B02 


0.11 


6.2 


None 


NGC5188 


Sb 


3.0 


32.7 


-19.6 


10.7 


O02 


0.20 


8.1 


None 


UGC8516 


Sc 


5.9 


16.7 


-17.3 


9.3 


B02 


0.09 


5.8 


None 


NGC5377 


Sa 


1.1 


31.0 


-20.3 


10.9 


O02 


0.18 


8.6 


HFS97 


IC4390 


SABb 


4.3 


27.8 


-18.3 




O02 


0.17 


8.1 


None 


NGC5585 


SABc 


6.9 


10.5 


-18.7 


9.4 


B02 


0.06 


5.8 


HFS97 


NGC5584 


SABc 


5.9 


24.3 


-19.4 


10.1 


B02 


0.08 


5.1 


SDSS 


NGC5678 


SABb 


3.3 


28.3 


-20.3 


10.8 


O02 


0.18 


8.1 


S&H 


NGC5669 


SABc 


6.0 


21.2 


-19.0 




B02 


0.05 


6.5 


S&H 


NGC5774 


SABc 


6.9 


23.7 


-18.8 


9.8 


B02 


0.12 


5.5 


SDSS 


NGC5789 


SBd 


7.8 


28.7 


-18.3 




B02 


0.07 


5.5 


None 


NGC5806 


Sb 


3.1 


21.4 


-19.3 


10.5 


O02 


0.21 


8.1 


S&H 


NGC5879 


Sbc 


3.5 


15.0 


-18.8 


10.0 


097 


0.17 


7.2 


S&H 
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Galaxy 


TvDe 


T 


D [Mpc] 


Mb 


\oe.{M„„i /Mn.) 

■^^o V gal 1 -"^-'W/ 


Source^ 


NC r,tt^ 


logfAfwr- IMr;) 


Spectra*^ 


NGC5964 


SBcd 


6.9 


22.2 


-18.4 


9.8 


B02 


0.06 


6.4 


None 


NGC6000 


SBbc 


3.9 


35.2 


-19.6 


10.3 


C02 


0.17 


8.2 


None 


NGC6239 


SBb 


3.2 


16.9 


-18.2 


9.6 


C02 


* 


6.7 


SDSS 


ESO138-10 


Sd 


7.8 


13.5 


-18.9 


10.3 


B02 


0.09 


7.0 


None 


NGC6384 


SABb 


3.6 


16.7 


-19.5 


10.6 


C02 


0.14 


7.2 


HFS97 


NGC6509 


SABc 


6.6 


27.5 


-19.0 




B02 


0.04 


6.4 


None 


NGC6951 


SABb 


3.9 


24.8 


-20.0 


11.0 


C02 


0.18 


8.2 


HFS97 


IC5052 


SBcd 


7.1 


6.0 


-17.2 


9.1 


S06 


0.10 


5.9 


None 


ESO404-G3 


SBbc 


4.0 


31.9 


-18.3 


9.7 


C02 


0.03 


6.4 


None 


NGC7162 


Sc 


4.8 


30.3 


-19.1 


10.0 


C02 


0.11 


6.8 


None 


NGC7188 


SBbc 


3.6 


24.1 


-17.8 


9.5 


C02 


0.06 


6.9 


None 


NGC7259 


Sb 


2.8 


22.8 


-17.8 




C02 


0.06 


6.9 


None 


IC5256 


SBd 


7.7 


9.9 


-15.2 




C98 


* 


5.1 


None 


NGC7418 


Sc 


5.8 


18.3 


-19.6 


10.2 


B02 


0.06 


7.8 


None 


NGC7421 


Sbc 


3.8 


23.7 


-19.2 


10.2 


C02 


0.11 


6.9 


None 


NGC7424 


Sc 


5.9 


10.8 


-19.1 


9.6 


B02 


0.10 


6.1 


None 


IC5271 


Sb 


3.1 


23.9 


-19.5 


10.6 


C02 


0.11 


7.9 


None 


ESO290-39 


SBm 


8.9 


19.1 


-16.2 




B02 


0.07 


4.9 


None 


NGC7513 


SBb 


3.2 


20.4 


-18.9 


10.1 


C02 


0.06 


7.0 


None 


NGC7690 


Sb 


2.8 


18.2 


-18.3 


9.8 


C02 


0.17 


8.0 


None 


NGC7689 


SABc 


6.0 


24.8 


-19.8 


10.3 


B02 


0.08 


6.9 


None 


ESO240-G12 


Sb 


3.1 


23.0 


-17.3 


9.3 


C02 


0.03 


6.0 


None 


UGC12732 


SABm 


8.7 


12.3 


-16.3 




B02 


0.07 


5.8 


None 


ES0241-6 


SBm 


8.9 


17.3 


-16.7 




B02 


0.06 


5.3 


None 


NGC7793 


Scd 


7.4 


3.9 


-18.3 


9.6 


B02 


0.10 


6.9 


None 



Sources are "B02" jB6ker et al.l ||2002| ). "C06"= IC5te et al.l ||2006I1 . "C02" jCarollo et al.l II2002D . "C99" jCaroUo et al.l (I1998D . 
"C97" jCarollo et all II1997D . "S06"= ISe"th et al.l ll2006fl .'^ NCs with sizes of '*' were unresolved by HST observations and thus have r^ff < 
0.03".'^ S&H refers to spectra present in both SDSS and HFS97. 



